The bean leaf beetle, Cerotoma trifurcata (Forster) (Coleoptera: Chrysomelidae), is a major insect pest of soybean in Nebraska and throughout much of the Midwest. This insect overwinters in the adult stage in litter in wooded areas such as shelterbelts. Historically, crop producers have been unsure of the merits of shelterbelts, especially if nearby crops are more likely to be infested by insect pests as a result. In this study, bean leaf beetle adults were sampled during the season by visually counting the number of beetles found on soybean plants early in the season and by sweep net sampling once plants were at the V4 stage (approximately 0.33 m tall). Sampling was done in 1997 and 1998 at the University of Nebraska Agricultural Research and Development Center in Saunders Co. in east-central Nebraska. Beetle counts were compared between shelterbelt-protected and -unprotected fields. In general. bean leaf beetles were more numerous in 1997 than in 1998, with abundance peaks occurring in late-July and early-September in both years. There were significant differences in bean leaf beetle counts from protected and unprotected fields on only three of the 11 and four of the 13 sampling dates in 1997 and 1998, respectively. On the sampling dates when significant differences were found, two of three in 1997 and three of four in 1998 had higher bean leaf beetle abundance in the protected soybean fields. The results of this study indicate a tendency for more bean leaf beetles in shelterbelt-protected soybean fields when differences are found, but beetle numbers were not significantly different between protected and unprotected fields on the majority of sample dates in the two years of this study. This study also reconfirms the presence of two generations of the bean leaf beetle in Nebraska.
In Nebraska, a state with relatively few trees, shelterbelts are an important resource and one that many landowners and crop producers are willing to commit valuable land to accommodate. However, some growers believe that shelterbelts serve as overwintering sites for pests and that crops grown near them are more likely to be damaged by such pests.
Windbreaks or shelterbelts improve crop water-use efficiency (Davis and Norman 1988) , distribution of irrigation water, and overall irrigation efficiency (Dickey 1988) . Windbreaks have also been shown to enhance the natural insect control (Pasek 1988 ) and provide wildlife habitat Beck 1988, Johnson et al. 1994) . Windbreaks have been shown to have a positive influence on soybean yields (Bald-win, 1988 , Ogbuehi 1980 ). An economic analysis of the benefits of windbreaks using the net present value indicated that they were an economically attractive investment over a range of options (Brandle et al. 1992) .
In Texas, studies conducted on windbreaks indicated that the boll weevil, Anthonomus grandi grandi Boheman, a key pest of cotton overwintered in high numbers in the litter under deciduous trees in windbreaks (Adkisson et al. 1965 , Bottrell et al. 1972a ). Bottrell et al. (1972b) showed that windbreaks near or adjacent to cotton fields were much more likely to serve as an overwintering habitat for this pest than those some distance from the fields. A management strategy was developed that would lessen the favorability of these habitats for overwintering of the boll weevil (Slosser et al. 1984 , Boring et al. 1985 . This strategy included planting conifers instead of deciduous species in new windbreaks and thinning existing windbreaks by increasing tree spacing and pruning limbs to prevent trapping leaf litter. Pedigo (1994) described the bean leaf beetle, Cerotoma trifurcata (Forster), as the most important pest of soybean in the North Central states. Adult bean leaf beetle injury to soybean is considered economic when beetle density ranges from 2 to 9 per plant or sweep depending on growth stage, cost of treatment, and crop value (Hunt et al. 1994) . For example, with VC or cotyledon stage soybean, the soybean crop value of $6.00 per bushel, and the pest management cost at $10.00/0.4 ha, the economic threshold is 5 beetles per plant. When soybean plants are in the V1 stage, the same values provide an economic threshold of 6 beetles per plant. When soybean plants are in the R6 stage, with the same values the economic threshold is 5 beetles per sweep. Insecticide applications are the primary management option when beetles exceed the appropriate economic threshold (Pedigo 1994) . Bean leaf beetles overwinter in the adult stage in leaf litter in wooded areas , Loughran and Ragsdale 1986 , Jeffords et al. 1983 , and at Nebraska's latitude have two generations during the summer months (Kogan et al. 1974 , Waldbauer and Kogan 1976 , Smelser and Pedigo 1991 .
Direct observation of bean leaf beetle adults can be achieved by counting the number of beetles present on plants for a given length of row until the plants reach the V4 stage. However, this technique becomes increasingly inaccurate as plants grow and beetles become more numerous (Kogan et al. 1980) . Once plants are beyond the V4 stage, sweep net sampling for adults provides adequate levels of reliability, particularly when relative estimates of beetle abundance are desired (Kogan et al. 1980 ). This study was conducted to determine whether bean leaf beetles would be more or less abundant in soybean fields protected by shelterbelts compared to those not protected by shelterbelts.
Materials and Methods
Sampling was conducted in 1997 and 1998 at the University of Nebraska Agricultural Research and Development Center Agroforestry Farm in Saunders Co., NE. The shelterbelts were planted to a mixture of eastern red cedar, Juniperus virginiana L.; Ponderosa pine, Pinus ponderosa Laws; and green ash, Fraxinus pennsyivanica Marsh., in 1966. The mean height of trees in the shelterbelts was 15 m. Three shelterbelt-protected soybean fields were used in this study. These were designated as protected when shelterbelts were adjacent to the field on at least three sides. Three unprotected fields were used in the study as controls and were designated unprotected when no adjacent shelterbelts were present. Protected and unprotected fields were planted at approximately the same time in both years. In 1997, the mean field size was 2 ha with a range of 1.5 to 4 ha and all fields had been planted to soybean the previous year except for one unprotected field that was planted to grain sorghum in 1996. In 1998, the mean field size was 4.6 ha with a range of 1.8 to 7.3 ha and all fields were planted to field corn the previous year except for one unprotected field that was planted to wheat in 1997.
As we suspected that the bean leaf beetle might be more abundant in portions of soybean fields in closer proximity to overwintering sites, fields were stratified with each field being divided into halves designated as east and west and each half was divided again into middle and edge. Bean leaf beetle adults were sampled by visually counting the number of beetles found on soybean plants early in the season and by sampling with 180 degree sweeps of a 38 cm sweep net when plants reached the V4 growth stage (approximately 0.33 m tall). In both seasons, early-season sampling was conducted on plants in 2 m of row at 10 locations in each field in 1997 (i.e. 10 samples per field per sample date). In 1997, 25 sweeps were taken in each stratum of each field on 9 sampling dates from 24 July to 19 September (i.e., 100 sweeps per field per sample date). In 1998, 25 sweeps were taken from each stratum in each field on 8 sampling dates from 8 July to 11 September (i.e., 100 sweeps per field per sample date). Sampling was discontinued when soybean plants began to senesce in the fall.
Data were analyzed using the SAS general linear model (GLM) procedure (SAS Institute 1988). Means were separated using least significant difference (LSD) analysis with a significance level of P < 0.05.
Results and Discussion
The bean leaf beetle is a major insect pest of soybean in Nebraska and caused many growers to make insecticide applications to protect soybean seedlings during June in 1997 (pers. commun., K. Glewen, University of Nebraska, Cooperative Extension). Infestation levels remained quite high through the growing season; however, most growers did not treat again later in the season. Few cases of damage that prompted insecticide treatments in 1998 were reported.
In both years of this study, peak bean leaf beetle abundance per generation occurred in late July and early September in both protected and unprotected fields (Fig. 1) . These dates approximate peak emergence of the first-and secondgeneration adults. Bean leaf beetles were more abundant in 1997 than in 1998 in the fields we sampled, with the total number collected being 2,013 in 1997 and 1,320 in 1998. There were no significant differences in beetle numbers among the strata in the fields in this study, which may indicate that proximity to overwintering sites is not important in determining whether or not infestations in soybean are high.
In 1997, bean leaf beetle counts were significantly different between protected and unprotected fields on only three of the 11 sampling dates (Fig. 1) . Beetles were more abundant in unprotected fields on 2 June (F = 13.86; df = 1; P> F = 0.0005) and in the protected fields on 24 July (F = 7.46; df = 1; P> F = 0.0232) and 6 August (F = 5.21; df = 1; P > F = 0.0484). In 1998, beetle density was significantly different between protected and unprotected fields on only four of the 13 sampling dates (Figure 1 18.33; df = 1; P> F = 0.0007) while they were more abundant in the unprotected fields on 11 September (F = 5.88; df = 1; P> F = 0.0285).
Our results do not provide economic evidence regarding bean leaf beetle damage to either shelterbelt-protected or -unprotected soybean fields. They do, however, show that bean leaf beetle abundance was not significantly different between protected and unprotected soybean fields on the majority of sample dates during the two years of this study. When significant differences were found, on two of the three sample dates in 1997 and three of the four sample dates in 1998 more bean leaf beetles were found in the shelterbelt-protected fields.
Growers do have some reason to believe that trees compete with crop plants immediately adjacent to the shelterbelt for moisture, nutrients, and sunlight, however, evidence suggests that such effects do not extend beyond the first few rows of crop plants and that yields increase thereafter (Nieto-Cabrera 1998 , Hou 1999 . Preliminary studies that we have conducted indicate that the bean leaf beetles overwintering in shelterbelts in eastern Nebraska are generally in the litter under deciduous rather than coniferous trees as was found by Bottrell et al. (1972b) with the boll weevil in Texas (S.O.O., unpubl, data) . This is also encouraging as many of the shelterbelts in this portion of the midwest are dominated by the conifer, eastern red cedar, J. virginiana. The non-pest related benefits of shelterbelts to crop production in the North Central states have been documented by Brandle et al. (1994) and others. However, before this study, little evidence had been obtained regarding potential pest problems related to field proximity to shelterbelts.
